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Pteridophyte richness and diversity in Kudremukh National Park (KNP) was assessed using qualitative
and quantitative  diversity  indexing  methods,  along  with  the  geographic  spatial  distribution of  the
extant pteridophyte flora. The field research design employed a stratified random sampling method
and was conducted in two phases. Phase 1 included the survey, identification and distribution of the
pteridophyte flora and Phase 2 was to study the diversity of the extant pteridophytes throughout the
KNP using seven transects.  The region exhibited rich and highly diverse (Shannon-Wiener Diversity
Index  of  3.38), non-homogenous  (compared  to  normal  Raunkiaer’s  frequency  curve)  stand  of  46
different  unevenly  (evenness  index  0.64)  distributed pteridophyte  flora.  The  study  region  was
dominated  by  two  unambiguous  pteridophyte  species  of  weedy  nature  (Pteridium  aquilinum and
Dicranopteris  linearis),  with a  high  Simpson's  dominance  index  of  0.96.  The  study  reports  eight
endemic, two rare, five at risk and seven vulnerable and near-threatened IUCN listed pteridophyte
species  in  the  study  region. The  quantitative  diversity  indices  i.e.  frequency,  density,  abundance,
relative abundance and important value index of each extant pteridophyte is calculated. The study also
noted that some endemic species such as Osmunda huegeliana and Cyathea nilgirensis present in KNP
needed  immediate  conservation  efforts.  This  study  gives  an  extensive  report  on  the  extant
pteridophyte flora of KNP and will help future taxonomic surveys and research, as well as conservation
and sustenance measures.
Introduction
Pteridophytes  or  ferns  and  fern  allies  are  the  most
primitive  group  of  vascular  plants  as  they  emerged
shortly after the evolution of land plants and played
an essential role in establishing the early land flora (1)
and  hence  probably  resulting  in  the  evolution  and
characterization  of  the  present-day  pteridophytes.
However,  with  the  upheavals  in  the  evolutionary
period  most  of  this  arboreal  vegetation,  including
many  tree  ferns,  has  perished.  The  extant
pteridophytes form a critical component of the forest
ecosystem  and  occupy  various  niches  on  land,
marshes, swamps and water bodies (2). They thrive in
moist tropical and temperate forests whilst, they also
occur in diverse eco-geographical  regions where the
conditions are not favourable for growth (3, 4).
The  Western  Ghats  of  India  covers  only  5%  of
India's  total  geographical  area  with  humid  tropical
forest on rugged mountains which constitute regions
of high diversity and endemism (4) containing more
than  27%  of  the  country's  total  plant  species.  The
altitudinal  gradient  coupled  with  differential  onset
and withdrawal of southwest and northeast monsoon
results  in  a  disparity  of  dry  seasons,  which  in  turn
influence the formation of unique ecological mosaics
representing a high degree of biological diversity (5)
and  endemism (6).  The  Western Ghats  harbour  349
pteridophytic  species  out  of  1100-1200  species  are
found  in  India  (7).  Many  researchers  have  assessed
the diversity of pteridophytes in the Western Ghats at
varying geographic scales from the entire region (8 -
10)  to  local  scale  (11-15).  Such expeditions  are  very
crucial  for  devising  conservation  and  sustenance
strategies  for  vulnerable  and  threatened  species.
Kudremukh  National  Park  (KNP)  (13°1'  to  13°29'  N
latitude and 75°0'  to 75°30'  E longitude)  is  one such
area in the Western Ghats in the state of Karnataka.  It
covers  an  area  of  600.34  km2 which  includes  three
forests  viz.,  Tungabhadra,  South  Bhadra  and
Narasimha  Parvatha  and  two  reserve  forests  viz.,
Naravi and Andar, within the state of Karnataka. KNP
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has been recognized as a world heritage cluster and
eco-sensitive  area  (16).  The  presence  of  many
perennial  streams,  waterfalls  and  other  moist
habitats in KNP support rich growth of pteridophytes.
A  preliminary  examination  of  the  pteridophytes  in
KNP  (17)  enlisted  the  pteridophytes  present  in  the
region.  No  other  significant  study  or  data
enumerating  and  highlighting  the  status  of
pteridophyte flora in KNP has been conducted. Thus,
meagre  conservation  and  sustenance  measures  are
reported for pteridophytes in the region. 
Most  biodiversity  studies  are  index-based
assessments that use endemism and species richness
indices as surrogates for the conservation value of a
region  (18,  19)  and  form  an  essential  part  of
conservation  programmes  (20).  Effective
management plans and actions can only be achieved
with  valuable  spatial  information  (21).  Broad-scale
patterns of species richness and endemism are often
documented however required detailed distribution
data of taxa are not available for the vast majority of
pteridophyte groups (22). Most studies in the Western
Ghats  are  constrained  by  reliance  on  limited  and
patchily distributed point data from field surveys or
biological  collections  such  as  herbaria  (23).  Hence,
the  current  study  was  undertaken  to  assess  and
document  diversity,  distribution  and  endemism  of
extant  pteridophytes  in  KNP.  This  study  will  help
identify  the  status  of  pteridophytes  in  this  region,
which  will  aid   in  planning  future  sustenance
strategies and focus implementation of conservation
of pteridophytes of KNP if  and when required.  The
approach  demonstrated  in  the  present  paper  is  a
unique  attempt  which  takes  advantage  of  index-
based  diversity  assessment  in  combination  with  a
sizeable geo-referenced dataset to study pteridophyte
diversity and distribution in the KNP region.
Materials and Methods
Details of the study site and data collection
The study region included the entire  KNP covering
approximately  600.34  km2 of  dense  tropical  forest
and grasslands.  The field research design employed
in  the  current  study  used  a  stratified  random
sampling method and was conducted in two phases.
Phase  1  included  the  survey,  identification  and
distribution  of  the  pteridophyte  flora,  and  Phase  2
examined  index-based  diversity  of  the  extant
pteridophytes  in  KNP  using  transects.  In  Phase  1,
three surveys (extending  up to  14 days each) were
conducted, one in each of the three major mountain
ranges of  KNP. Twenty-three sampling sites  (Fig.  1)
were studied as reference points for conducting the
field survey. Details of the sampling sites are given in
Supplementary Table 1. The forest department field
stations  were  used  as  the  starting  point  of  every
range for sampling. Using a transect-walk method the
sample data was collected at every  1  km interval of
tracking.  Different  growth  forms  of  pteridophytes
were  recorded  i.e.,  terrestrial,  epiphytic  and
lithophytic.  Diagnostic  features of all  the specimens
were studied and referred to available literature (24–
26)  for  accurate  taxonomic  identification  of  the
collected pteridophyte species. Pteridophyte samples
were  preferentially  plucked  with  their
rhizomes/roots intact with the help of a digger and
removal of other underground portion. Samples were
preserved as herbarium (27) and stored at St Aloysius
College,  Mangalore.  The  location  and  geographic
distribution  of  the  collected  pteridophyte  samples
were  recorded using  a  handheld  GPS (Garmin GPS
etrex20).  IUCN  threat  status  of  all  the  extant
pteridophytes was referred from other literature (28,
29).   Growth  habit,  along  with  the  range  wise
distribution  of  every  pteridophyte  was observed in
all the major ranges of the KNP. 
After completion of Phase 1, four surveys were
conducted  in  Phase  2.  A  total  of  7  transects
measuring 50 mx2 km were laid (shown in Fig. 1 and
the details are given in supplementary Table 1). The
representative points were selected using a stratified
method,  based  on the  data  available  from Phase  1
survey.  Transects  was  laid  in  sites  having  the
presence of pteridophytes in all three major ranges of
KNP mentioned. The data of all pteridophyte species
incident  in  the  7  transects  were  collected  and
analyzed through statistical methods (30, 31).  
Distribution analysis
The GPS data of all  the extant pteridophyte  species
collected from Phase 1 survey was used to map the
spatial  distribution  of  number  of  fern  species.
Subsequently  a  graphical  representation  of  the
pteridophyte  species  assemblage  using  QGIS  Essen
(2.14.1) was obtained. The vector data in a delimited
text layer (CSV) was used to create a raster file. The
number  of  different  fern  species  was  used  as  the
attribute  and  Inverse  Distance  Weighing  (IDW)
method was used for interpolation of a discrete single
band pseudo-colour raster file.  Finally  the obtained
raster  file  was  clipped  onto  the  KNP  shape  file  to
obtain a bit map of species distribution.
Species diversity analysis
Based  on  the  data  of  occurrence  of  pteridophyte
species  in  transects  from  Phase  2,  important
qualitative diversity indices (32–34) i.e. 
Simpson's dominance index  
Shannon-Wiener diversity index 
and  species  evenness  index  (E  =  H/ln(s))  were
calculated. 
Wherein p is  the proportion (n/N) of  individuals  of
one particular species found (n) divided by the total
number of individuals found (N), ln is the natural log,
Σ is the sum of the calculations and s is the number of
species. The analysis were performed by using SPSS
(v21) and PAST (v3.17) statistical software. 
Quantitative  analysis  of  diversity  data  was
carried  out  using  MS  Excel  2010.  Density  (D),
Frequency  (F),  Abundance  (A)  and  Relative
abundance  (RA)  i.e.  the  study  of  the  numerical
strength  of  a  species  with  the  total  number  of
individuals of all the species were analyzed using the
formulae's (a), (b), (c) and (d) respectively. 
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Density (D)=Totalnumber of individual species
Total number of transects studied
×100
(a)
Frequency(F)= Number of transects inwhich speciesstudiedTotalnumber of transects studied    
(b)
Abundance( A)=
Total number of individual speciesin alltransects
Total numbertransects inwhich speciesoccurred
×100
(c)
Relative Abundance(RA)= Abundance of individual species
Total abundanceof all species
×100
(d)
Importance  Value  Index  (IVI)  i.e.  the  overall
importance  of  each  species  in  the  community
structure (31) was calculated using equation (e)
IVI=relative frequency+relative density+relative abundance
(e)
The  ratio  of  abundance  to  percentage
frequency provided information about the nature
of the distribution of  the individual  pteridophyte
species.  Values  <0.025,  0.025  -0.05  and  >0.05,
indicates  regular,  random  and  contagious
distributions,  respectively  (35).  The  frequency
data  of  the  pteridophyte  community  was  then
further  classified  and  grouped  into  Raunkiaer's
law of frequency (36) classes A, B, C, D and E and
compared against  the  normal frequency curve to
understand the  homogeneity of a stand of extant
pteridophyte flora in the KNP.
Results
Extant  pteridophytes  and  their  distribution  in
KNP
A total of 46 pteridophyte species were collected and
identified  (Table  1), which  belonged  to  nineteen
families:  Marattiaceae,  Gleicheniaceae,  Pteridaceae,
Dennstaedtiaceae,  Lycopodiaceae,  Osmundaceae,
Tectariaceae,  Dryopteridaceae,  Blechnaceae,
Cyatheaceae,  Thelypteridaceae,  Lygodiaceae,
Lindsaeceae,  Aspleniaceae,  Davalliaceae,
Selaginellaceae,  Woodsiaceae,  Polypodiaceae  and
Lomariopsidaceae,  spreading  across  eight  different
orders.  The  dominant  pteridophyte  families  were
Pteridaceae  with  eleven  species  followed  by
Thelypteridaceae  and  Polypodiaceae  with  four
species each. 
Among  the  pteridophytes  found  in  the  KNP
(Table  1), 31  species  are  commonly  found  in  the
Western  Ghats.  The  most  common  and  widely
distributed pteridophyte species in the study area are
Pteridium aquilinum (L.) Kuhn, Dicranopteris linearis
(Born.  f.)  Underw,  Blechnum orientale  L.,  Adiantum
philippense  L.,  Christella  parasitica (L.)  H.  Lev.,
Christella dentata (Forssk.) Brownsey & Jermy, Pteris
quadiaurita Retz., Pteris biaurita L. and Pteris confusa
T.G.  Walker. The  area is  also  notable  for  rare  and
endemic species (Table 1)  such as  Selaginella tenera
(Hook. & Grev.) Spring, Osmunda huegeliana C. Presl.,
P. quadiaurita Retz.,   Bolbitis subcrenatoides Fraser-
Jenk.,  Bolbitis semicordata  (Baker)  Ching.,    Cyathea
nilgirensis Holttum.,  C. paracitica (L.) H. Lev.
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Fig. 1. Depicts the location of Kudremukh National Park (KNP) illustrating the three major ranges and the sampling sites of Phase 1 and
Phase 2 survey in Google Earth Pro 7.3.3.7786 (64-bit); (Note the number codes of reference sampling sites illustrated in the Figure are
enlisted in Supplementary Table 1).
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Table 1. Pteridophyte habitat, threat status, growth habit and distribution status throughout KNP.






Asplenium yoshinagae Subsp. Indicum (Sledge) Frazer-Jenk. Ep/L V Patch + - +
Blechnaceae
Blechnum orientale L. T C Patch + + +
Cyatheaceae    
Cyathea gigantea (Wall. ex Hook.) Holttum T C Solitary + + +
Cyathea nilgirensis Holttum T E/NT Solitary + + +
Davalliaceae
Araiostegia pulchra (D. Don) Copel. Ep/L C Patch + - +
Dennstaedtiaceae
Microlepia speluncae (L.) T. Moore T C Patch + + +
Pteridium aquilinum (L.) Kuhn T C Colony + + +
Dryopteridaceae
Arachniodes tripinnata (Goldm.) Sledge T V Colony + + +
Bolbitis semicordata (Bak.) Ching T/L E Patch + + +
Bolbitis subcrenatoides Fraser-Jenk. T/L C Patch - + +
Gleicheniaceae
Dicranopteris linearis (Burm. f.) Underw. T NT Colony + + +
Lindsaeaceae
Lindsaea ensifolia Sw. T C Patch + + +
Lindsaea heterophylla Dryand. T C Patch + - +
Odontosoria chinensis (L.) J. Sm. T C Colony + + +
Lomariopsidaceae
Nephrolepis hirsutula (G. Frost.) C. Presl T C Colony + + +
Lycopodiaceae
Lycopodiella cernua (L.) Pic. Serm. T C Colony + + -
Lygodiaceae
Lygodium flexuosum (L.) Sw. T/ Cr AR Patch + + +
Lygodium microphyllum (Cav.) R. Br. T/ Cr AR Patch + + +
Marattiaceae
Angiopteris helferiana C. Presl. T C Patch + + +
Osmundaceae
Osmunda huegeliana C. Presl T E/NT Patch + + -
Polypodiaceae
Drynaria quercifolia (L.) J. Sm. L/Ep C Colony + - -
Lepisorus nudus (Hook.) Ching L/Ep C Patch + + +
Microsorum membranaceum (D. Don) Ching L/Ep C Solitary - - +
Microsorum punctatum (L.) Copel. L/Ep C Patch + + +
Pteridaceae
Adiantum philippense L. T/L C Colony + + +
Adiantum raddianum C. Presl T/ L C Patch + + +
Aleuritopteris anceps (Blanf.) Panigrahi T/L C Patch + + +
Cheilanthes tenuifolia (Burn. f.) Sw. T/L C Patch + + +
Parahemionitis cordata (Roxb. ex Hook. & Grev.) Fraser-Jenk. T/L C Patch - + +
Pityrogramma calomelanos (L.) Link T/L C Patch + - +
Pteris argyraea T. Moore T C Solitary - - +
Pteris biaurita L. T C Colony + + +
Pteris cameroonian Kuhn T NT Solitary - - +
Pteris confusa T.G. Walker T C Colony + + +
Pteris quadriaurita Retz. T E Colony + + +
Pteris vittata L. T NT Patch - + -
Selaginellaceae
Selaginella delicatula (Desv. ex Poir.) Alston T/L C Patch + + +
Selaginella tenera (Hook. & Grev.) Spring T/L E Patch + - +
Tectariaceae
Tectaria coadunata (J. Sm.) C. Chr. T C Patch + + +
Tectaria polymorpha (Wall. ex Hook.) Copel. T E Patch + + +
and  Tectaria polymorpha  (Wall.  ex Hook.)  Copel.  of
which  C nilgirensis  and  O. huegeliana are also listed
to  be  near  threatened  in  the  Western  Ghats  (37).
Additionally,  five more fern species are reported to
be  near  threatened,  which  includes  Lygodium
flexuosum (L.) Sw.,  Lygodium microphyllum (Cav.) R.
Br.,  D. linearis,  Pteris  cameroonia Kuhn  and  Pteris
vittata  L.,  while Arachniodes  tripinnata (Goldm.)
Sledge and  Asplenium  yoshinagae  subsp.  indicum
(Sledge)  Frazer-Jenk.  are  reported  as vulnerable  in
the Western Ghats (37, 38). 
The  pteridophytes  in  the  study  region  are
terrestrial,  epiphytic  and lithophytic  in habitat.  The
majority of pteridophytes of the KNP were terrestrial,
where  B.  subcrenatoides,  B.  semicordata,  S.  tenera,
Selaginella  delicatula  (Desv.)  Alston,  A.  philippense,
Aleuritopteris  anceps (Blanf.)  Panigrahi,
Parahemionitis  cordata (Roxb.  ex  Hook.  &  Grev.)
Fraser-Jenk.,  Pityrogramma  calomelanos (L.)  Link,
Adiantum  raddianum  Presl,  Cheilanthes  tenuifolia
(Burn.  f.) Sw. and Athyrium hohenackranum (Kunze)
T. Moore were also seen growing on rocks and rock
crevices  as  lithophytes.  Both  the  species  of
Lygodiaceae, i.e., Lygodium flexuosum and  Lygodium
microphyllum were  seen  growing  from  the  soil  as
they crept onto any nearest available vertical support
as  creepers  when  mature.  The  species  of
Polypodiaceae  family  in  the  KNP,  i.e.,  Microsorum
membranaceum (Don) Ching, Lepisorus nudus (Hook.)
Ching,  Microsorum  punctatum (L.)  Copel.  and
Drynaria  quercifolia  (L.)  J.  Sm. are epiphytes,  along
with  Asplenium  yoshinagae  and  Araiostegia pulchra
(D.  Don)  Copel.  growing  on  trees  and  rocky  high
grounds.
On  the  biogeographic  level,  most  of  the
pteridophyte species are well distributed throughout
the  ranges  of  KNP  (Table  1). A  few  species  of
pteridophytes  like  Pteris  argyraea  T.  Moore,  P.
cameroonia Kuhn, P. vittata L., Diplazium esculentum
(Retz.)  Sw., M.  membranaceum (Don)  Ching  and  D.
quercifolia  (L.) J. Sm.  had low distribution and were
found  only  on  one  range  of  KNP  with  human
disturbance.   They  contribute  significantly  to  the
biogeographic  diversity  of  the  extant  pteridophyte
flora. Similarly,  P. argyraea T. Moore, P. cameroonia
Kuhn and M. membranaceum (Don) Ching were only
found as a small patch on the Belthangadi range. The
occurrence  rarity  of  P.  vittata was  also  similar  to
these pteridophytes and was found as a small patch
inhabiting  the  Kudremukh  range.  The  epiphytic
pteridophyte  D.  quercifolia  (L.)  J.  Sm.  was  seen  on
tree  trunks,  well-distributed  only  in  the  northern
parts of KNP i.e. throughout the Kerekatte and parts
of the Khalsa range.
The  spatial  distribution  map  derived  from the
geo-referred  dataset  obtained  from  the  Phase  1
survey (Fig. 2a) illustrates the uneven distribution of
the number of pteridophyte species in KNP. The map
depicts the number of different pteridophyte species
present at a particular location. The red zones in the
map  show  regions  wherein  extant  pteridophyte
species were found to be very low. In contrast, small
blue zones exhibit high pteridophyte diversity areas
with more than ten different pteridophyte species co-
habiting and sharing the same niche. It is observed
that  the park exhibits  green colour, suggesting that
the  park  has  three  to  five  uneven  distribution  of
pteridophyte species in this region of the KNP.
Diversity Indices of the extant pteridophytes
The  highest  number  of  different  pteridophytes
species were found in Megur East at  Kerekatte  and
Khalsa range from the Phase 1 survey. This site was
selected for the first transect for Phase 2 survey. A
stratified  random  sampling  method  was  followed.
The sampling sites selected for the phase 2 survey are
shown  in  Fig.  1  and  mentioned  in  Suppl.  Table  1.
Qualitative  and quantitative  diversity indices of  the
extant  pteridophytes  were  calculated  from Phase  2
survey  data,  in  which  a  total  of  1077  individual
sporophytes  of  pteridophyte  were  recorded  from
seven transects laid in the study region.
Qualitative  diversity  Indices  of  the  extant
pteridophyte flora in KNP
The  local  landscape  of  KNP  is  dominated  by
pteridophyte  species  such  as  P. aquilinum and  D.
linearis inhabiting  vast  grasslands  and beneath  the
tree  canopies. Qualitative  diversity  indices  such  as
Shannon-Wiener  diversity  index  Simpsons
Dominance  index  and  evenness  index  of  the  KNP
pteridophyte  flora  are  presented  in Table  2. The
Shannon-  Wiener  diversity  index of  3.38  for  the
region  of  the  study  indicated  high  pteridophyte
species diversity. The Simpson's dominance Index for
the  pteridophyte  flora  of  KNP  was  0.96,  which
indicates  the  pteridophyte  flora  although  high  in
diversity,  has  few dominant  representative  species.
The  distribution  of  pteridophyte  species  in  KNP is
uneven with a low evenness value of 0.64. 
Simpson's Dominance Index of the pteridophytes
within  the  ranges  of  the  KNP  is  very  similar.
Belthangadi range had the most number of different
pteridophyte species (41), followed by Kerekatte and
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Thelypteridaceae
Christella dentata (Forssk.) Brownsey & Jermy T C Colony + + +
Christella parasitica (L.) H. Lév. T E Colony + + +
Macrothelypteris torresiana (Gaudich.) Ching T C Patch + + +
Metathelypteris flaccida (Bl.) Ching T C Colony + + +
Woodsiaceae
Athyrium hohenackerianum (Kunze)T. Moore T/L C Colony + + +
Diplazium esculentum (Retz.) Sw. T C Solitary - + -
Note: T- terrestrial; L- Lithophitic; Ep- Epiphytic; Cr- creeper; C- common; R- rare; E- Endemic; Near-threatened- NT; Vulnerable- V; 2K-
Kerekatte and Khalsa range; K- Kudremukh range; B- Belthangadi range. + and - indicates the presence and absence of the pteridophyte,
respectively.
Khalsa range (39) and Kudremukh range (37). There
was  little  to  no  difference  in  diversity  of
pteridophytes  between  Kerekatte and Khalsa Range
and  Belthangadi  Range  with  Shannon  -Wiener
Diversity Index values of 3.23 and 3.22 respectively.
The  less  number  of  pteridophytes  present  at
Kudremukh  range  was  also  depicted  by  its
comparatively  lower  Shannon  -Wiener  Diversity
Index value (3.04) compared to the other two ranges.
The evenness in the distribution of pteridophyte was
highest  in  Kerekatte  and  Khalsa  Range (0.65)
followed by Belthangadi range (0.61) and Kudremukh
range (0.56). 
Quantitative  diversity  Indices  of  the  extant
pteridophyte flora in KNP.
The  calculated  quantitative  diversity  indices,  i.e.
Frequency (F),  Density  (D),  Abundance  (A),  Relative
Abundance  (RA)  and  Important  Value  Index  (IVI)
along  with  its  distribution  pattern  of  the  extant
pteridophytes  in  KNP  are  given  in Table  3. The
frequency of occurrence of all the fern species in KNP
ranged from 0.14 to 0.86. The chance of occurrence of
A. raddianum, P. argyraea, P. calomelanos, P cordata,
P.  cameroonia,  P.  vittata,  D.  esculentum,  M.
membranaceum,  L.  nudus,  M.  punctatum,
Macrothelypteris torrensiana,  M.  speluncae and
Araiostegia pulchra was least (0.14). P. aquilinum also
known as the bracken fern reported to be an invasive
weed  (15) occurred  most  frequently  along  with A.
philippense,  P.  biaurita,  Athyrium  hohenackranum,
and B. orientale  with a frequency of 0.85. D. linearis
was  the  most  abundant  species  in  KNP  with  an
abundance  value  of  20  followed  by  P.  aquilinum
(15.83), while  D. esculentum  and M. membranaceum
were the least abundant species found in the studied
transects  of  KNP. Abundance  does  not  give  a  total
picture  of  the numerical  strength of  a species as it
considers only the occurrence of a species within the
transects.  Therefore,  relative  values  to  the  total
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Fig. 2. KNP maps exhibiting (a) Spatial distribution of the number of different pteridophyte species present in KNP, (b) Altitude (c) Soil
Texture & (d) Carbon content.





Different ranges of KNP
Kerekatte and Khalsa
Range
Kudremukh Range Belthangadi Range
Total number of species 46 39 37 41
Simpsons Dominance Index 0.96 0.94 0.92 0.94
Shannon- Wiener diversity Index 3.38 3.23 3.04 3.22
Evenness 0.64 0.65 0.56 0.61
abundance of all the species in all sampled transects
are indicative of the actual numerical strength of a
species  (31).  The  rigorous  weedy  growth  of  P.
aquilinum throughout the area resulted in the highest
relative  abundance  value  of  8.82,  followed  by  D.
linearis (8.36) in the KNP. At the same time, the least
abundant  pteridophyte  species  was  M.
membranaceum with  a  relative  abundance  of  0.009
followed by three species of Pteridaceae family viz.,
P. argyraea, P. cameroonia and P. vittata with relative
abundance value of 0.19.  The endemic pteridophyte
species of Western Ghats i.e. S. tenera, O. huegeliana,
P. quadiaurita,  B.  subcrenatoides,  B. semicordata,  C.
nilgirensis,  C.  paracitica and  T.  polymorpha were
abundant in KNP with high RA.  P. aquilinum  (13.57)
followed by B. orientale (12.86) were the most densely
distributed  pteridophyte  species,  whereas  D.
esculentum  and  M.  membranaceum  were  the  least
densely distributed species (0.14) in KNP.
IVI  helps  in  understanding  the  ecological
significance of the species irrespective of vegetation
type;  hence  greater  IVI  values  indicate  the  higher
ecological  significance  of  the  species  compared  to
others in a particular ecosystem (31). The IVI values
of the extant  pteridophyte  community ranged from
18.41 for  P. aquilinum  to 1.17 for  D. esculentum  and
M. membranaceum. Pteridophyte species with highest
IVI  values  varied  on  different  ranges  of  KNP.  B.
orientale and  P.  aquilinum inhabited  in  Khalsa  &
Kerekatte range and Kudremukh range with highest
IVI values of 13.48 and 36.66 respectively. Two fern
species namely, B. semicordata and C. dentata present
in Belthangadi range had the highest IVI value (19.64)
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Table 3. Quantitative diversity indices of Pteridophytes in KNP.
Species F D A RA IVI
Distribution
pattern
Adiantum philippense L. 0.86E 7.0 8.17 2.53 11.77 C1
Adiantum raddianum C. Presl 0.14A 2.0 14.0 4.34 6.40 R
Aleuritopteris anceps (Blanf.) Panigrahi 0.43C 1.71 4.0 1.24 4.70 C1
Angiopteris helferiana C. Presl. 0.43C 2.43 5.67 1.76 5.68 R1
Arachniodes tripinnata (Goldm.) Sledge 0.28B 1.71 6.0 1.86 4.50 R1
Araiostegia pulchra (D. Don) Copel. 0.14A 0.43 3.0 0.93 1.97 R1
Asplenium yoshinagae Subsp. Indicum (Sledge) Frazer-Jenk. 0.28B 1.43 5.0 1.55 4.00 C1
Athyrium hohenackerianum (Kunze)T. Moore 0.86E 9.86 11.5 3.56 14.66 C1
Blechnum orientale L. 0.86E 12.86 15.0 4.65 17.69 C1
Bolbitis semicordata (Bak.) Ching 0.57C 6.14 10.75 3.33 10.43 C1
Bolbitis subcrenatoides Fraser-Jenk. 0.28B 2.43 8.5 2.63 5.74 R1
Cheilanthes tenuifolia (Burn. f.) Sw. 0.43C 3.14 7.33 2.27 6.66 C1
Cyathea gigantea (Wall. ex Hook.) Holttum 0.43C 1.86 4.33 1.34 4.89 C1
Cyathea nilgirensis Holttum 0.28B 1.43 5.0 1.55 4.00 C1
Christella dentata (Forssk.) Brownsey & Jermy 0.71D 7.57 10.6 3.29 12.08 C1
Christella) parasitica (L.) H. Lév. 0.71D 9.0 12.6 3.91 13.62 C1
Dicranopteris linearis (Burm. f.) Underw. 0.43C 8.57 20.0 6.2 14.11 R
Diplazium esculentum (Retz.) Sw. 0.14A 0.14 1.0 0.31 1.17 C1
Drynaria quercifolia (L.) J. Sm. 0.28B 1.43 5.0 1.55 4.00 C1
Lepisorus nudus (Hook.) Ching 0.14A 0.71 5.0 1.55 2.78 R1
Lindsaea heterophylla Dryand. 0.28A 1.14 4.0 1.24 3.51 C1
Lindsaea ensifolia Sw. 0.43C 3.57 8.33 2.58 7.25 C1
Lycopodiella cernua (L.) Pic. Serm. 0.28B 0.43 1.5 0.46 2.27 C1
Lygodium flexuosum (L.) Sw. 0.43C 2.86 6.67 2.07 6.27 C1
Lygodium microphyllum (Cav.) R. Br. 0.43C 0.71 1.67 0.52 3.32 C1
Macrothelypteris torresiana (Gaudich.) Ching 0.14A 1.43 10.0 3.1 4.79 R
Microlepia speluncae (L.) T. Moore 0.14A 0.57 4.0 1.24 2.37 R1
Microsorum membranaceum (D. Don) Ching 0.14A 0.14 1.0 0.31 1.17 C1
Microsorum punctatum (L.) Copel. 0.14A 0.43 3.0 0.93 1.97 R1
Nephrolepis hirsutula (G. Frost.) C. Presl 0.43C 1.71 4.0 1.24 4.70 C1
Odontosoria chinensis (L.) J. Sm. 0.43C 3.29 7.67 2.38 6.86 C1
Osmunda huegeliana C. Presl 0.28B 0.86 3.0 0.93 3.01 C1
Parahemionitis cordata (Roxb. ex Hook. & Grev.) Fraser-Jenk. 0.14A 0.57 4.0 1.24 2.37 R1
Pityrogramma calomelanos (L.) Link 0.14A 1.57 11.0 3.41 5.19 R
Pteridium aquilinum (L.) Kuhn 0.86E 13.57 15.83 4.91 18.41 C1
Pteris argyraea T. Moore 0.14A 0.29 2.0 0.62 1.57 C1
Pteris biaurita L. 0.86E 6.71 7.83 2.43 11.48 C1
Pteris cameroonian Kuhn 0.14A 0.29 2.0 0.62 1.57 C1
Pteris confusa T. G. Walker 0.71D 5.43 7.6 2.36 9.75 C1
Pteris quadriaurita Retz. 0.71D 6.29 8.8 2.73 10.68 C1
Pteris vittata L. 0.14A 0.29 2.0 0.62 1.57 C1
Selaginella tenera (Hook. & Grev.) Spring 0.71D 4.86 6.8 2.11 9.13 C1
Selaginella delicatula (Desv. ex Poir.) Alston 0.43C 5.14 12.0 3.72 9.41 R1
Tectaria coadunata (J. Sm.) C. Chr. 0.28B 2.14 7.5 2.32 5.24 R1
Tectaria polymorpha (Wall. ex Hook.) Copel. 0.43C 2.71 6.33 1.96 6.07 C1
Metathelypteris) flaccida (Bl.) Ching 0.43C 5.0 11.67 3.62 9.21 R1
Note: F-  Frequency,  A-  Abundance,  D-  Density,  IVI-  Importance  value index,  RA- Relative  abundance;  R-  regular ,  R1 is  random,  C1 is
contagious; The Raunkiaer's frequency classes are A, B, C, D and E.
among  the  pteridophyte  flora.  According  to
calculated distribution pattern for pteridophyte flora
(Table  3), four  species  of  ferns  i.e.  D.  linearis,  A.
raddianum, P.  calomelanos and  M  torrensiana were
regularly  distributed  in  their  respective  habitats,
while  other  species  where  either  random  or
contagiously distributed.
The  extant  pteridophyte  flora  of  KNP  where
grouped into Raunkiaer's frequency classes. The species
distribution for the classes A, B, C, D and E, was 28, 20,
30, 11 and 11% respectively.  The obtained frequency
distribution curve was then compared to the "normal"
frequency curve (Fig. 3). The curve of frequency of the
extant  fern  distribution  in  KNP  indicates  that  the
pteridophyte flora in the park is non-homogenous. The
floristic  uniformity  varies  directly  with  the
proportionate size of classes A and E (39). In contrast,
when the classes B, C, D are relatively high, the stand
reflects  a  non-homogenous  distribution.  The  typical
frequency ratio is useful in many kinds of studies in
testing the uniformity of vegetation. Essentially class E
should be larger than class D for vegetation to be of
uniform distribution (40). Classes D and E are equal in
the  current  study  indicating  non-homogeneity  in
pteridophyte distribution. 
Discussion
Biodiversity  inventories  are  used  to  determine  the
nature  and  distribution  of  forest  biodiversity  and
resources  along  with  the  forest  structure  for
developing  effective  forest  conservation  and
management  plans  (41,  42).  While  the  preliminary
survey (17)  noted only  37 species  of  pteridophytes,
the diversity survey in the current study revealed a
rich and diverse pteridophyte flora with 46 different
pteridophyte species in the KNP. A similar number of
extant  pteridophyte  species  were reported in  other
regions  from  the  Western  Ghats  such  as  Aralam
Wildlife Sanctuary (12) consisting of 63 species and
Kemmangundi forest with 38 species (14). The extant
pteridophytes  of  KNP  ranged  from  creepers  and
epiphytes such as Lygodium and Asplenium species to
terrestrial  pteridophyte  species  of  Pteridium.
Shannon-Wiener Diversity Index is an expression of
community structure and complexity of habitat (13).
A high index value obtained in the study suggests a
more  diverse  and  established  pteridophyte
community.  Various  studies  conducted  in  different
forests of Kigga (13), Chillapatta (31), Banajalaya (43),
and  Mudige  (44)  also  showed  a  similarly  high
Shannon-Wiener  Diversity  Index of  2.81,  1.79,  1.57
and  2.66  respectively.  Although  the  pteridophyte
flora  in  KNP  is  highly  diverse,  the  high  Simpsons
dominance  index  value  of  0.94  along  with  a  low
evenness  index  value  of  0.64  indicates  that  the
individual species are infrequent and a couple of the
extant pteridophyte species dominate the KNP.  The
pteridophyte  diversity  in  wet  evergreen  forests  of
Sakleshpur  in  the  central  Western  Ghats  (45)  also
exhibited analogous pteridophyte species dominating
the  area  indicating  that  it  is  not  uncommon  for
pteridophytes  for  a  few  representative  species  to
dominate an area numerically. 
It  is  evident  from the results  that  P. aquilinum
dominated  the  KNP  with  high  abundance,  density,
and  frequency  values.  Reports  suggest  that  P.
aquilinum is  not  found on the  Indian  subcontinent
(46).  However,  P. aquilinum  has  been  reported  in
different  parts  of  western  India  by  several
researchers  (29,  47,  48).   In  the  present  study,  we
have retained the identity of the said pteridophyte as
P. aquilinum,  as per the treatment of the taxonomic
key  and  digital  protologue  followed  by  a  DNA
barcoding  (unpublished)  data.  Furthermore,
molecular  identification  of  the  specimen  will  be
accomplished  and  reported  in  the  future.  P.
aquilinum is  reported  as  the  fifth  most  distributed
weed  species  of  the  world  (49).  The  dominance  of
such  a  weed  pteridophyte  results  in  a  decrease  in
other  species  such  as  grasses  which  otherwise  is
fodder for the forest herbivores (50). Several studies
have  been  conducted  to  control  this  invasive
pteridophyte (51) and hence, immediate attention and
the  preventive  measures  are  recommended  for  its
timely control.
The  species  that  dominate  the  surroundings
contribute more to the microenvironment within the
forest, but the uncommon or rare species contribute
primarily to the species structure of the forest (52).
Some  of  the  threatened  and  near  threathened
pteridophyte  species  in  the  Western  Ghats  are
frequently  found  in  low  abundance  in  the  KNP.
Species  such  as  L. flexuosum  and  D. linearis  are
abundant  in  the  study  area,  which  is  otherwise
reported  to  be  at  risk  in  the  Western Ghats.  Ferns
such as P. argyraea, P.  cameroonia and P. vittata are
low  in  relative  abundance  and  frequency  of
occurrence in the  KNP along  with endemic  species
such as O. huegeliana and C. nilgirensis. Fern species
such as  D. esculentum  and  M. membranaceum  were
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Fig. 3. Frequency classes. Note: The black line indicates the
"normal" curve of frequency while the curve in red is the
frequency curve of pteridophytes in KNP.
also  found  to  have  very  low  distribution  density.
Indicating  endemic,  rare  and  endangered
pteridophytes  present  in  KNP  are  limited.  The
hotspot  is  likely  to  face  the  disappearance  of  its
diverse pteridophyte flora to weedy species (53) such
as P. aquilinum and D. linearis in the study area. 
The  distribution  data  of  all  the  pteridophytes
present  in  the  study  region  with  the  spatial
distribution map of number of species (Fig. 2a) along
with  the  curve  of  frequency  (Fig.  3) indicates  the
pteridophytes  were distributed unevenly  across the
KNP with  certain  high  diversity  regions  with  more
than ten different species in the same location. It is
evident  that  pteridophytes  are  a  diverse  group  of
plants  that  occupy  discrete  niches  in  the  forests
dominated  mainly  by  trees  and  shrubs  (54)  which
results  in the formation of niches with high or low
pteridophyte diversity. These differences in diversity
of pteridophytes within the park could be due to the
biogeographic  relationship  the  pteridophytes  share
with its surroundings (55). Amongst various reasons
for  the  non-homogeneous  distribution  of  floral
diversity  (56)  pteridophyte biogeography  may  be
directly  linked  to  prevalent  abiotic  factors.
Contiguous distribution is typical in nature (57) and
formed  due  to  small  but  significant  variations  in
ambient  environmental  conditions,  while  random
distribution  is  found in  uniform environments  (58-
60).  The  variation  in  altitude,  shola  vegetation and
regional  topography of  KNP may be the  reason for
such  variation  in  distribution.  To  understand  this
unevenness,  we  compared  the  distribution  of  fern
species to the data of variation in altitude, soil texture
and  soil  carbon  content  (organic  and  inorganic
carbon),  obtained  from  the  Indian  geo-platform  of
ISRO- Bhuvan (Bhuvan.nrsc.gov.in). The most of the
area in the west of the KNP where in the number of
fern species is very low coincides with steep slopes
and high change in altitude, while the same area is
dominated  by  clay-skeletal  soil  and  total  inorganic
Carbon content (Fig. 2(b-d)).  A small area on the east
of  KNP  with  highest  number  of  fern  species,  has
gradual  or  no  steep  change  in  altitude,  clay  soil
texture  and  high  soil  organic  carbon  content.
However  further  study  in  this  area  is  required  to
validate the same. Many researchers have studied the
reasons  for  such  non-homogeneous  pteridophyte
flora distributions which is mostly affected by other
distinguished abiotic factor depending on the habitat
(61) and  environmental  correlates  (62)  such  as
edaphic  factors  (63),  moisture  availability  (64),
topography  (65)  and  elevation  (66).  Therefore,  to
understand  the  reasons  for  such  varying  and  non-
homogeneous  pteridophyte  diversity  in  KNP,
environmental  correlates  and other edaphic  factors
need to be studied. 
Conclusion
Kudremukh National Park  exhibited rich and highly
diverse  non-homogenous,  unevenly  distributed
extant Pteridophyte flora.  The  Belthangadi  range at
the  southern  region  of  the  KNP  showed  greater
diversity  as  compared  to  the  other  two  studied
regions  of  Kerekatte  and  Khalsa  range  and
Kudremukh range. The study region was dominated
by  a  few  unambiguous  pteridophyte  species  D.
linearis and  P.  aquilinum with  a  high  Simpson's
dominance  index  of  0.96,  indicating  their  weedy
nature.  In contrast, other species were infrequently
and unevenly distributed.  There is an urgent need to
take preventive measures to control the fast-growing
dominant  species  of  D.  linearis and  P.  aquilinum.
Among the pteridophyte  species  found in  the  KNP,
eight  are  endemic  while  nine  reported  to  be  rare,
threatened  or  at  risk  in  the  Western  Ghats.  It  is
necessary for these threatened species,  to maintain
and conserve the regions of their respective habitats
and  restrict  anthropogenic  activities.  Few  regions
with  high  fern  diversity  in  the  KNP  demonstrated
regions  that  are highly  favourable  for pteridophyte
populations.  Further,  studies  on  the  influence  of
edaphic  and  other  factors  on  pteridophyte
distribution and diversity,  need to  be  conducted  in
KNP  to  understand  the  distribution  and  diversity
patterns found in the current study.
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